Introduction {#s1}
============

The leopard *Panthera pardus* is the large feline with the greatest present distribution area, covering most of Africa and Asia [@pone.0092144-Kingdon1], [@pone.0092144-Myers1], [@pone.0092144-Nowell1], [@pone.0092144-Turner1]. This exceptionally broad distribution is due to its great potential for adaptation, displaying a great variety of behaviours that depend on the habitat it occupies. The leopard is territorial and a solitary hunter that uses an ambush technique [@pone.0092144-Kingdon1], [@pone.0092144-Myers1], [@pone.0092144-Nowell1], [@pone.0092144-Turner1], [@pone.0092144-Pocock1]. For this reason, it is forced to protect its kill from other social predators such as hyenas or canids. To achieve this, leopards have two different strategies at their disposal: in open areas such as the savannah, they haul their prey up into a tree \[6,7,8,910\], whereas in areas where there are caves they prefer to transport and accumulate their prey inside them references in de Ruiter & Berger [@pone.0092144-deRuiter1]. Even though the leopard is a potential accumulator of bones in caves, only a few studies of present-day dens have been carried out [@pone.0092144-Brain1], [@pone.0092144-Simons1], [@pone.0092144-Sutcliffe1], [@pone.0092144-DomnguezRodrigo1]--[@pone.0092144-DomnguezRodrigo2], and they have been practically excluded from the formation of sites [@pone.0092144-Pickering1]. However, there are various examples of sites with fossil vertebrates accumulated by leopards, specifically the well-known sites with human fossils, Swartkrans Members 1 and 2 [@pone.0092144-Brain1], [@pone.0092144-Pickering1], [@pone.0092144-Brain2], [@pone.0092144-Brain3].

During the Late Pleistocene the leopard was a common element in the faunal association of Europe, but mainly recorded on the basis of scarce and fragmentary dentognathic material preventing a good knowledge of its behaviour. Nevertheless, fragmentery material is found in more than 100 sites (see references in [@pone.0092144-Sauqu1]) prior to its disappearance around the Late Pleistocene-Holocene boundary. Its final appearance is recorded in the north of Spain [@pone.0092144-Sauqu1]. In spite of its broad distribution, there are only a very few references to fossil sites at which the role of the leopard as an accumulator is an important one. At Gabasa 1 the leopard is a taphonomic agent, whose importance is less than that of the hyena or wolf [@pone.0092144-Blasco1], [@pone.0092144-Utrilla1]; at La Caune de l'Arago, in levels MNO of CM1, the leopard is one possible accumulator among other carnivores [@pone.0092144-Rivals1], [@pone.0092144-Testu1]; at Baumann's Cave, there are at least a tooth and metacarpus of subadult ibex that might refer to a leopard lair situation at the former second entrance [@pone.0092144-Diedrich1]. The problem of European leopard lair sites is the abundant overlap with human camp and other carnivore dens in rock shelter positions [@pone.0092144-Diedrich1].There are only two possibles sites which the leopard plays a major role Amalda VII and Allekoaitze, both are situated in the North of Spain geographically close to Los Rincones. In the accumulation Amalda VII leopard and lynx are the principal accumulators of small-sized ungulates [@pone.0092144-Yravedra1], [@pone.0092144-Yravedra2], and in Allekoaize leopard seems to be the main accumulator of the Ibex remains [@pone.0092144-Diedrich1].

The aim of the present paper is to present the cave of Los Rincones (Zaragoza, Spain), a site with a human presence (lithic industry and marks on bones) and a high percentage of carnivores that have contributed to its formation. The main objective of the paper is to ascertain the identity of the main accumulator of this bone accumulation. To this end, we undertake a taxonomic study of the taphocoenosis, and a taphonomic analysis is carried out.

The cave of Los Rincones {#s1a}
------------------------

The palaeontological site of the cave of Los Rincones was discovered by members of CEA (Centro de Espeleología de Aragón) in 2005 while they were mapping the cave. The cave of Los Rincones is described by the CEA members who unclogged a small entrance led to enter an old gallery which preserves the bones in the position that they were accumulated [@pone.0092144-Gisbert1]. The presence of bones, especially a complete skull of brown bear in the cave, was reported to Gloria Cuenca, who visited the cave in 2006 in company of Juan Luis Arsuaga, Milagros Algaba and members of CEA. During this visit we observed that there were indeed many bone remains scattered in the surface of Ursus Gallery and Leopard Gallery. Subsequently we conducted several geological surveys during 2009 and 2010 to collect the stratigraphic, taphonomic, and cartographic-photographic data. The cave of Los Rincones is situated in the Sierra del Moncayo, which is located in the central part of the Iberian Range in the north of Spain. As a result of the altitude of the Sierra and its geographical situation between the river basins of the Duero and the Ebro, the area receives a substantial hydrological input generated by the Atlantic frontal systems.

The cave is situated at the head of the ravine of Los Rincones, in the municipality of Purujosa (Zaragoza). The mouth of the cave opens at an altitude of 1010 m. It is a complex cave, consisting of various chambers and galleries located at different heights ([Fig 1](#pone-0092144-g001){ref-type="fig"}).

![Geographical location and topography of the Los Rincones cave.\
A, geographical location of los Rincones cave. B, panoramic view of the Los Rincones ravine. C and D elevation and plan views of the Los Rincones cave.](pone.0092144.g001){#pone-0092144-g001}

The fossil remains under study in the present paper were provisionally housed at the University of Zaragoza and has been given the field specimen number: Ri10 J10, 112 to 113; Ri10 K10, 109 to 111; Ri10 M9, 1 to 19; Ri10 M10, 1 to 15; Ri10 M11, 1--4; Ri10 N10, 1 to 316; Ri10, N11,1 to 45; Ri10 O12, 1 to 2; Ri10 O13, 1 to 291; Ri10 O14, 1 to 54; Ri10 P13, 1--7; Ri10 GL1, 1 to 128, Ri10 GL2 1 to 30; Ri10 GL3, 1 to 9; Ri10 GL4, 1 to 56; Ri10 GL5, 1 to 21; Ri10 GL6, 1 to 11; Ri10 GL7, 1 to 21; Ri10 GL9, 1 to 18. The fossil remains were discovered during preliminary prospections of the cave of Los Rincones under the authorization of the Government of Aragon and Parque Natural del Moncayo. The fossils were collecting at the surface of both galleries the "*Ursus* Gallery" (GU) and the "Leopard Gallery" (GL) ([Fig 2](#pone-0092144-g002){ref-type="fig"}). In fact, both galleries are passages that run between blocks produced by the collapse of the cave's walls and ceiling prior to the deposition of sediment, which occurred subsequently and covered the gaps and surfaces between the blocks. The galleries are connected by a series of passages between the blocks [@pone.0092144-Gisbert1] ([Fig. 1](#pone-0092144-g001){ref-type="fig"}, [2](#pone-0092144-g002){ref-type="fig"}). A collection of the surface remains was undertaken in the GU in order to prevent the bones remaining exposed. To this end, the surface was divided into squares measuring one square metre each. Due to the narrowness and the collapsed blocks in GL, it was not possible to stablish a square so we put a number in the different places of this gallery where we collected bones ([Fig 2](#pone-0092144-g002){ref-type="fig"}). The faunal composition and taphonomic alteration is similar in both galleries. In some cases, bone fragments from the same specimen are found in the two galleries. The bony remains from the cave of Los Rincones have made it possible to describe a diverse fauna consisting of large and small mammals [@pone.0092144-Sauqu1]. The large-mammal species identified so far in Los Rincones are *Ursus arctos, Canis lupus, Panthera pardus*, *Lynx* sp. (probably the Iberian lynx, *Lynx pardinus*, though it is so poorly represented that we prefer to let it in open nomenclature), *Cervus elaphus, Capreolus capreolus, Capra pyrenaica, Rupicapra pyrenaica,* Bos/Bison sp., *Equus hydruntinus,* and *E. ferus*.

![Plan view of Los Rincones with grid and NISP in each part.\
A. plan view of the Los Rincones with the grid in Galería Ursus and collecting points in Galería Leopardo B. NISP per square in Galería Ursus and NISP per point in Galería Leopardo.](pone.0092144.g002){#pone-0092144-g002}

The faunal association suggests a Late Pleistocene age. Unfortunately, we sent samples to Beta Analytics but we could not obtain radiometric ages by the ^14^C method due to lack of collagen in the bones. Likewise, the rodents found in the upper part of the sedimentary cone that closes the original entrance to the cave above the "*Ursus* Gallery" (*Microtus* spp., *Iberomys cabrerae* and *Pliomys lenki)* point to the Late Pleistocene. Specifically, *P. lenki* disappears towards the end of the second third of the Late Pleistocene in the centre of the Iberian Peninsula, where it is found in sites with Mousterian industry [@pone.0092144-Sauqu1], [@pone.0092144-CuencaBescs1]. During the early stages of cleaning the gallery, a piece of Mousterian industry was also discovered in the cave of Los Rincones.

Materials and Methods {#s2}
=====================

The identifiable remains and splinters greater than 4 cm in size have been studied. For the taxonomic identification the following authors were followed: Pales and Lambert [@pone.0092144-Pales1], Walker [@pone.0092144-Walker1], Torres [@pone.0092144-Torres1] Fernandez [@pone.0092144-Fernandez1] and Eisenmann [@pone.0092144-Eisenmann1], and comparisons were made with the reference collections of the University of Zaragoza (UZ) and the Pyrenean Institute of Ecology (Instituto Pirenaico de Ecología, IPE). To evaluate the skeletal representation in the assembly from Los Rincones, the number of remains (NR), the number of identified specimens (NISP), the minimum number of elements (MNE), the minimum number of individuals (MNI) and the skeletal survival rate (%Surv) were used, which were calculated in accordance with Brain [@pone.0092144-Brain1] and Lyman [@pone.0092144-Lyman1]. To calculate the MNI, the teeth were used, because they are the most common anatomical element, and the degree of eruption and dental wear were also taken into consideration. The %Surv of an element is the ratio between the number of elements recovered and the number of elements expected. It is calculated using the formula %Surv  =  MNE \*100/number of these elements in the skeleton \* MNI. The bones that could not be assigned to a taxon were included in weight-based categories in accordance with the criteria proposed by Bunn [@pone.0092144-Bunn1], modified by Díez *et al*. [@pone.0092144-Dez1] ([Table 1](#pone-0092144-t001){ref-type="table"}).

10.1371/journal.pone.0092144.t001

###### Criteria used for the classification of unidentified remains from Los Rincones assemblage.

![](pone.0092144.t001){#pone-0092144-t001-1}

  Bunn (1986)                                    Los Rincones                
  ------------- ----------- ------------------ ----------------- ----------- -----------------------------
                  Pounds            Kg                                       
  1                \< 50         \< 22.65       very small size     \< 20       neonatal *Ursus arctos*
                                                                              juvenile *Capra pyrenaica*
                                                                               adult *Testudo hermanni*
  2               50--250    22.65 -- 113.25      small size       20--100        adult *Canis lupus*
                                                                                   adult *Lynx* sp.
                                                                                adult *Panthera pardus*
                                                                              adult *Rupicapra pyrenaica*
                                                                              adult *Capreolus capreolus*
                                                                                adult *Capra pyrenaica*
  3A             250--450    113.25 -- 203.85     middle size     100--300      adult *Cervus elaphus*
  3B             450--750    203.85 -- 339.75                                    adult *Ursus arctos*
  4              750--2000    339.75 -- 996       large size      300--1000    adult *Equus hydruntinus*
                                                                                  adult *Equus ferus*
                                                                                  adult Bos/Bison sp.

In general, to determine the age of death of the individuals the dental replacement and degree of eruption were used [@pone.0092144-Hillson1], [@pone.0092144-Morris1], as well as the fusion of the epiphyses in long bones [@pone.0092144-Morris2]. More specifically, for *C. pyrenaica* we follow Pérez-Ripoll [@pone.0092144-PrezRipoll1] and Vigal & Machordom [@pone.0092144-Vigal1]; for *C. capreolus* we follow Tomé & Vigne [@pone.0092144-Tom1]; for *R. pyrenaica* we follow Pérez-Barbería [@pone.0092144-PrezBarbera1]; and for *C. elaphus* we follow Aitken [@pone.0092144-Aitken1], Mariezkurrena [@pone.0092144-Mariezkurrena1], Azorit *et al*. [@pone.0092144-Azorit1] and D'Errico & Vanhaeren [@pone.0092144-dErrico1].

As far as anthropic markings are concerned, we differentiate two main types: those that are produced when bones are broken and cut marks. Within the first category, we distinguish percussion notches, impact flakes, percussion pits and peeling [@pone.0092144-Capaldo1], [@pone.0092144-Pickering2]; within the category of cut marks, incisions, scrapes and chopmarks have been distinguished [@pone.0092144-Binford1], [@pone.0092144-Potts1], [@pone.0092144-Shipman1], [@pone.0092144-Shipman3].

Various types of marks produced by carnivore teeth have been differentiated (pits, punctures, grooves, furrowing, crenulated edges and impact points), according to the definitions by Haynes [@pone.0092144-Haynes1], [@pone.0092144-Haynes2],and Sala [@pone.0092144-Sala1]. The measurements were taken with an electronic digital calliper. To identify the marks made by the carnivores, they were compared with the data provided in the papers by Delaney-Rivera *et al*. [@pone.0092144-DelaneyRivera1], Domínguez-Rodrigo & Piqueras [@pone.0092144-DomnguezRodrigo3], Saladié *et al*. [@pone.0092144-Saladi1], Rabal-Garcés *et al.* [@pone.0092144-RabalGarcs1] and Rabal-Garcés [@pone.0092144-RabalGarcs2].

To ascertain whether the breakage of the bones occurred in fresh bone, straight after the animal's death or a certain time after its burial, as well as the possible causes of the breakage, we follow the criteria proposed by Villa and Mahieu [@pone.0092144-Villa1]. This method takes into account the delineation (longitudinal, transverse or curved), the angle (oblique, straight or mixed), and the type of edge of the fractures presented by long bones more than 4cm in length, which can be irregular or smooth. In addition, account is taken of the breakage index, which refers to the portion of the diaphysis preserved in relation to both the total length and circumference of the bone. The breakage indices that refer to the length of the diaphysis are L1 (preserved length \< ¼ of the total length), L2 (preserved length between ¼ and ½ of the total length), L3 (preserved length between ½ and ¾ of the total length) and L4 (preserved length \> ¾ of the total length). The breakage indices for the circumference are C1 (preserved circumference \< ½ of the total circumference), C2 (preserved circumference \> ½ of the total circumference) and C3 (the circumference is complete or almost complete, at least in some part). To get a better idea of this process of fragmentation, GL was divided into two areas: GL 1--3 is further away from GU, located at a lower level than the others, so it is the area where the remains have undergone the greatest transportation; GL 4--9 is located in an intermediate area between GU and GL 1--3, with length and circumference values between those of GU and GL 1--3.

To establish the origin of the accumulation of bone remains in the cave of Los Rincones we follow the criteria used by Cruz-Uribe [@pone.0092144-CruzUribe1] for distinguishing accumulations produced by carnivores from anthropic accumulations. We also take into account the papers by [@pone.0092144-Pickering3], [@pone.0092144-Kuhn1] that revised these criteria. Moreover, in identifying the accumulating agent, we follow [@pone.0092144-DomnguezRodrigo2], [@pone.0092144-Sala1], [@pone.0092144-DomnguezRodrigo4], [@pone.0092144-Blasco2], [@pone.0092144-Sala2].

The degree to which the abundance of species in a fossil association reflects the past community has been studied by Damuth [@pone.0092144-Damuth1]. The relation that exists between body weight and the abundance of these species is an indicator of the real abundance in natural communities. The graphic representation of logA (abundance) versus logBW (body weight) for each of the species, together with the slope of the regression line, allows us to determine whether the abundance of the fossil species represents real abundance in the assumed fossil community, i.e. if the slope falls within the range from --0.8 to --1.3. The present paper uses Damuth's method to verify the representation of the prey species in the association of Los Rincones.

Results {#s3}
=======

At the site of Los Rincones, 1443 remains of fossil bones have been recovered on the surface of Ursus Gallery and Leopard Gallery in diferent places, with a distribution of the remains is not homogeneus \[[Fig. 2](#pone-0092144-g002){ref-type="fig"}\], have been taxonomically identified 905 remains and 318 of which have been assigned to the various size categories. Further, 220 fossils larger than 4cm have been recovered that remain unclassified either taxonomically or within a size category. The MNE is 905. The most frequently represented elements are teeth (233), phalanges (130), vertebrae (102), carpals/tarsals (96),metapodials (88) and ribs (70). The long bones show an analogous representation, comprising (in order of decreasing frequency) humeri (38), radiuses (29), tibiae (28), femora (21) and ulnae (15). Complete or fragmented crania are less represented (18), as are mandibles (16), pelvises (9) and scapulae (12). Most of the taxonomically assigned remains belong to *C. pyrenaica* (528), followed by *U. arctos* (173) and *P. pardus* (110) ([Fig 3](#pone-0092144-g003){ref-type="fig"}). As far as the elements classified by size are concerned, small-sized elements are particularly prominent (298). The sum of the three most represented taxa, together with the smaller-sized elements, represents 73.25% of the specimens. The MNI is 46 ([Table 2](#pone-0092144-t002){ref-type="table"}).

![NISP from Los Rincones, n = 905.](pone.0092144.g003){#pone-0092144-g003}

10.1371/journal.pone.0092144.t002

###### NR, NISP, MNE, MNI by taxa and size categories from Los Rincones faunal assemblage.

![](pone.0092144.t002){#pone-0092144-t002-2}

                                                       MNI by ages            
  ----------------------- ------ ----- ----- ---- --- ------------- ---- ---- ---
  Ursus arctos             173    173   141   8    1        1        3    3   
  Canis lupus               4      4     4    1                           1   
  Panthera pardus          110    110   97    4                           4   
  Lynx sp.                  2      2     2    1                               
  Capra pyrenaica          528    528   437   20   1        3        7    5    4
  Equus hydruntinus         2      2     2    1                           1   
  Equus ferus               10    10    10    2                           2   
  Cervus elaphus            13    13    13    2                           3   
  Rupicapra pyrenaica       29    29    29    3                           3   
  Capreolus capreolus       26    26    23    2                           2   
  Bos/Bison sp.             4      4     4    1                           1   
  Testudo hermanni          1      1     1    1                               
  Middle size               5            4                                    
  Small size               298          121                                   
  Very small size           16          15                                    
  Unidentified (\> 4cm)    219                                                
  Total                    1443   905   905   46   2        4        10   25   4

Minimum number of individuals {#s3a}
-----------------------------

### Carnivores {#s3a1}

*U. arctos* (MNI = 8) is the predominant carnivore, represented by 57% of the MNI of the carnivores and 17.39% of the total MNI. This species presents a great variety in the ages of death of individuals, with a neonate individual, three subadults, a juvenile and three adults having been recovered ([Fig 4](#pone-0092144-g004){ref-type="fig"}, [5](#pone-0092144-g005){ref-type="fig"}). The next most abundant carnivore is *P. pardus* (MNI = 4), representing 28.5% of the carnivores and 8.69% of the total MNI. All four *P. pardus* individuals are adults ([Fig. 6](#pone-0092144-g006){ref-type="fig"}). Other carnivores have also been recovered at the site, including *C. lupus* (NR = 4 and MNI = 1) and *Lynx* sp., from which only two hemimandibles belonging to a single individual have been recovered. The sum of the MNI of the carnivores present at the site represents 30.43% of the total ([Table 2](#pone-0092144-t002){ref-type="table"}).

![Cranial remains of *Ursus arctos* from the Late Pleistocene of Los Rincones.\
Cranial remains of *Ursus arctos* from the Late Pleistocene of Los Rincones. A skull of an adult Ri10/O13/34. Left maxilla of a juvenile. Ri10/O13/252, Ri10/O13/175. Right mandible of an adult Ri10/O13/217. Left mandible with canine of an adult Ri10/O13/200.](pone.0092144.g004){#pone-0092144-g004}

![Postcranial remains of *Ursus arctos* from the Late Pleistocene of Los Rincones.\
Postcranial remains of *Ursus arctos* (adult) from the Late Pleistocene of Los Rincones. A. Atlas Ri10/O13/326. B. Axis Ri10/O13/37. C. Left coxal Ri10/O13/24. D. Right humerus Ri10/O13/328. E. Left proximal part of ulna Ri10/O13/35. F. Right femur Ri10/O13/138. G. Left tibia Ri10/P13/6. H. Left Mc I Ri10/O13/9. I. Right Mc II Ri10/O13/54. J. Right Mc IV Ri10/O13/96. K. Left Mc V Ri10/P13/2. L. Left Mt II Ri10/O14/17. M. Right Mt III Ri10/O13/101.](pone.0092144.g005){#pone-0092144-g005}

![Remains of *Panthera pardus* from the Late Pleistocene of Los Rincones.\
Remains of *Panthera pardus* (adult) from the Late Pleistocene of Los Rincones. A. Right mandible Ri10/C1/2010. B. Left maxillary with P^3--4^ Ri10/O13/190. C. Right mandible with m1 and p4 Ri10/ O13/214,215. D Right Mt V Ri10/GL1/18. E. Left Mc III Ri10/GL1/16. F. Left Mc IV Ri10/GL1/17. G. Left ulna Ri10/O13/220. H. Right radius Ri10/O14/41. I. Right femur Ri10/O13/223. J. Right tibia Ri10/O13/13. K. Left astragalus Ri10/GL1/4. L. Left calcaneus Ri10/N1032. M. Right humerus Ri10/N10/5. N. Left tibia Ri10/O13/12. O. Phalanx I Ri10/GL1/11. P. Phalanx II Ri10/GL1/38. Q. Phalanx III Ri10/GL1/36.](pone.0092144.g006){#pone-0092144-g006}

### Herbivores {#s3a2}

As regards the number of individuals, the species *C. pyrenaica* (MNI = 20) is undoubtedly the predominant taxon in the association, representing 43.48% of the total and 64.5% of all the ungulates from the site. As far as the ages of death are concerned, it shows a broad range, with one neonate, seven subadults, three juveniles, five adults and four senile individuals. The species *R. pyrenaica* is the next most abundant ungulate (MNI = 3), representing 6.5% of all the taxa and 10% of the ungulates; all three individuals are adults. The remaining ungulates are represented by two individuals from each of the species *E. ferus*, *C. elaphus* and *C. capreolus* and by one individual belonging to *E. hydruntinus* and Bos/Bison sp., all of these being adults. The sum of the MNI of the ungulates present at the site amounts to 67.39% of the total number of individuals present in the association.

The sum of the species *C. pyrenaica*, *U. arctos* and *P. pardus* represents 69.56% of the total MNI at the site. Most of these are adults (25) and subadults (10), the sum of which represents 76% of the total individuals in the site. Juvenile and senile individuals are represented by four individuals each. Finally, the most scarcely represented individuals are the neonates, only two of which have been recovered, one belonging to *C. pyrenaica* and the other to *U. arctos* ([Table 2](#pone-0092144-t002){ref-type="table"}). The regression of logA on logBW for the assembly from Los Rincones is insignificant (ρ  =  0.19).

Skeletal survival rate (%Surv) {#s3b}
------------------------------

As regards the %Surv, this has been calculated separately for *U. arctos* and *P. pardus* in the belief that these taxa might have inhabited the cave, unlike the ungulates, whose presence in the cave may well be the result of the activity of an accumulating agent. To calculate the %Surv for the ungulates, they have been grouped according to size.

The %Surv for *U. arctos* shows a predominance of cranial elements; the girdles and long bones (proximal appendicular skeleton) present values close to 20%; while both the axial elements (vertebrae and ribs) and the autopodia show a low representation ([Fig.7](#pone-0092144-g007){ref-type="fig"}). The %Surv for *P. pardus* shows a high percentage of cranial elements, although the element with the highest %Surv is the humerus with 75%. The elements of the axial skeleton are present in extremely low percentages ([Fig. 7](#pone-0092144-g007){ref-type="fig"}).

![Graphical representation of % Surv. according to skeletal elements recovered in Los Rincones.\
Graphical representation of skeletal survival rate (% Surv.) according to skeletal elements and size categories established in Los Rincones faunal assemblage.](pone.0092144.g007){#pone-0092144-g007}

As regards the %Surv of the very small-sized ungulates, the element with the greatest %Surv is the mandible with 37.5%, whereas both the appendicular elements and the girdles are missing. Both the elements of the axial skeleton and the autopodia are present in a low proportion ([Fig. 7](#pone-0092144-g007){ref-type="fig"}).

The %Surv of the small-sized ungulates shows a reasonably balanced profile in which the low presence of elements of the axial skeleton and the girdles is noteworthy. The elements with the highest %Surv are the maxilla (68%), the cranium (56%), the humerus (56%), the mandible (48%) and the radius (48%) ([Fig. 7](#pone-0092144-g007){ref-type="fig"}).

The %Surv of the medium-sized ungulates presents a profile lacking in cranial elements and with a very low frequency (almost zero) of axial elements; the autopodial elements show a low frequency, while the elements with the highest %Surv are the pelvis (66.66%), tibia (33.33%), humerus (16.66%) and femur (16.66%) ([Fig. 7](#pone-0092144-g007){ref-type="fig"}).

The %Surv of the large-sized ungulates shows a very imbalanced profile in which only autopodial elements are represented, the phalanges being the element with the highest %Surv (25%) ([Fig. 7](#pone-0092144-g007){ref-type="fig"}).

Breakage patterns {#s3c}
-----------------

To analyse the breakage pattern of the bones, each of the galleries were taken into consideration: GU at a high zone, GL 1--3 at a low zone, and GL 4--9 at a medium level. The idea was to ascertain whether transport took place between the different levels, which might have been the cause of the variations in the breakage pattern. In GU the breakage angle is predominantly straight (55.14%), the delineation is transverse (50.98%), and the edge is irregular (56.24%). In GL 1--3 there is a predominance of straight breakage angles (52.08%), the delineation is curved (50%), and the edge is irregular (58.33%). In GL 4--9 the breakage angle is predominantly straight (76%), the delineation transverse (58.66%), and the edge smooth (56%). As regards the length of the diaphysis in relation to the breakage of the circumference, major differences can be seen between the three areas. In GU the remains thus present diaphysis lengths and circumference measurements of all types: C1-L1 is the predominant type with 26.41%, followed by C2-L2  = 15.72%, C1-L2  = 13.52%, C3-L4  = 8.49%, C3-L3  = 7.86% and C2-L4  = 7.54%. In GL 4-9 the remains are uniformly distributed in all the types of diaphysis lengths except L4; the most abundant remains are C1-L1  = 39.58%, followed by C3-L2  = 22.91%, C2-L2  = 10.41%, and C3-L3 and C3-L2 with 8.33%. In GL 1--3 the remains show L1 diaphysis lengths with C1 circumferences, 87.03% of the remains in this area being C1-L1. Moreover, it should be borne in mind that eight of the fossils recovered show anthropic breakage, comprising 0.55% of the sample.

Marks {#s3d}
-----

### Anthropic cut marks {#s3d1}

There are but scarce cut marks.. They can only be seen in 28 remains, representing 1.94% of the sample. The sum of the cut marks and the cases of anthropic breakage is 36 remains, indicating that 2.49% of the remains are affected by anthropic modifications. The cut marks are present mainly on *C. pyrenaica* and small-sized herbivores, although they have also been found on *C. elaphus* and Bos/Bison sp. ([Table 3](#pone-0092144-t003){ref-type="table"}).

10.1371/journal.pone.0092144.t003

###### Cutmarks groups according to skeletal element and taxa from Los Rincones faunal assemblage.
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  Skeletal element          Taxa          NME   Anthropogenic Marks   N° striations               Location               Action performed
  ------------------ ------------------- ----- --------------------- --------------- ---------------------------------- ------------------
  Pelvis              *Capra pyrenaica*    1         Incision               1                 acetabulo medial              Defleshing
  Scapula                small size        1        Choopmarks              9                  Scapular neck                Defleshing
  Humerus               *C.pyrenaica*      1        Choopmarks             13              cresta epicondiloidea            Defleshing
                         small size        1         Incision               1              cresta epicondiloidea            Defleshing
  Radius              *Capra pyrenaica*    1        Choopmarks             11                   Radius neck                 Defleshing
                         small size        1         Incision               3                    Diaphysis                  Defleshing
  Femur                  small size        3         Incision              11                    Diaphysis                  Defleshing
  Tibia               *Cervus elaphus*     1         Incision               1                 Epiphysis distal              Defleshing
  Metacarpus          *Capra pyrenaica*    1         Incisions             10         Epiphysis proximal and diaphysis      Defleshing
                      *Capra pyrenaica*    1         Incisions              8                    Diaphysis                  Defleshing
                      *Capra pyrenaica*    1         Incisions              3                 Epiphysis distal              Defleshing
                      *Capra pyrenaica*    1         Incisions              7         Epiphysis proximal and diaphysis      Defleshing
  Metatarsus          *Capra pyrenaica*    2         Incisions              7                    Diaphysis                  Defleshing
                         medium size       1         Incisions              2                    Diaphysis                  Defleshing
  Astragalus            Bos/Bison sp.      1         Incision               1                 Troclea plantar            Disarticulation
                      *Capra pyrenaica*    2         Incision               2                 Troclea proximal           Disarticulation
  Phalanges           *Capra pyrenaica*    1         Incision               1                    Diaphysis                   Skinning
                      *Capra pyrenaica*    1    Choopmarks/ Scrapes        11                    Diaphysis                   Skinning
  Long bones             medium size       1         Incision               1                Epiphysis proximal             Defleshing
                         medium size       1         Incision               2                    Diaphysis                  Defleshing
                         small size        8         Incision              19                    Diaphysis                  Defleshing
                         small size        2        Choopmarks             12                    Diaphysis                  Defleshing
  Unidentified           small size        1         Incisions              2                    Diaphysis                  Defleshing
                         small size        5     Percussion marks           5                    Diaphysis                Marrow removal
                         small size        2    Percussion notches          2                    Diaphysis                Marrow removal
                         small size        1      Cortical flake            1                    Diaphysis                Marrow removal

### Carnivore marks {#s3d2}

Carnivore marks constitute the main modification of the fossil bones from the site of the cave of Los Rincones. They are present in 16.28% of the remains. All the ungulates except Bos/Bison sp. show alterations produced by carnivores. The European ass, *E. hydruntinus*, is the mammal with the highest percentage of modified remains (50%), although it should be borne in mind that only six elements have been recovered from this taxon. The herbivore with the next highest percentage of remains modified by carnivores is *R. pyrenaica* with 34.5% from a sample of 29 remains. The roe deer, *C. capreolus*, presents 26.9% of its remains modified from a total of 26 remains. The horse, *E. ferus*, presents 22% of its remains modified, but as occurs in the case of the European ass, *E. hydruntinus*, this value should be taken with caution given the low number of specimens. The Spanish wild goat, *C. pyrenaica*, has 17.8% of its remains modified from a sample of 528 ([Table 4](#pone-0092144-t004){ref-type="table"}).

10.1371/journal.pone.0092144.t004

###### NR with carnivore damage according to taxa, size and skeletal element.
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                   *Ursus arctos*   *Panthera pardus*   *Capra pyrenaica*   *Equus ferus*   *Cervus elaphus*   *Rupicapra pyrenaica*   *Capreolus capreolus*   Small size    Unidentified         NR
  --------------- ---------------- ------------------- ------------------- --------------- ------------------ ----------------------- ----------------------- ------------- -------------- ----------------
  Skull                                                     2 (2/11)                                                                                                              1            2 (2/72)
  Antler/Horns                                                                                                                                2 (2/3)                                          2 (2/21)
  Atlas               1 (1/1)                                1 (1/4)                                                                                                                           2 (2/5)
  Axis                                                       2 (2/6)                                                                                             1 (1/1)                       2 (2/9)
  Vertebrate          2 (2/10)           1 (1/3)            7 (7/31)                                                                                                              2          12 (12/123)
  Sternum                                1 (1/3)                                                                                                                                               1 (1/3)
  Sacrum                                                     1 (1/2)                                                                                                                           1 (1/2)
  Coxal               1 (1/2)                                                                                                                                                                  1 (1/2)
  Ribs                                                                                                                                                          5 (5/70)                       5 (5/82)
  Scapulae            3 (3/5)                                5 (5/7)                                                                                                              1            8 (8/15)
  Pelvis              1 (1/2)                               1 (1/11)                                                                                             2 (2/2)                       3 (3/19)
  Humerus                               1 (1/11)           12 (12/28)                           1 (1/1)               2 (2/2)                                    1 (1/7)                      17 (17/56)
  Radius              2 (2/6)            1 (1/2)            4 (4/22)                                                                          1 (1/1)           7 (7/47)                      15 (15/79)
  Ulna                4 (4/10)                              2 (2/12)                                                                                             2 (2/2)                       8 (8/25)
  Femur               5 (5/6)            1 (1/1)            6 (6/15)                                                                                             4 (4/7)          2           18 (18/42)
  Tibia               4 (4/4)                               3 (3/29)                                                                          1 (1/1)           5 (5/11)          1           14 (14/51)
  Carpal/Tarsal                                             1 (1/40)                                                                                                                           1 (1/56)
  Astragalus                                                8 (8/40)                                                  3 (3/4)                                                                 11 (11/24)
  Calcaneus           1 (1/2)                               4 (4/10)                                                  1 (1/1)                                                                  5 (5/18)
  Metacarpus          1 (1/6)                              11 (11/33)                                                                                                                         14 (14/41)
  Metatarsus          1 (1/3)            1 (1/5)            5 (5/23)                                                                          1 (1/5)                                          7 (7/37)
  Metapodials                                                                                                                                 1 (1/1)           4 (4/31)                       2 (2/40)
  Phalanges                             2 (2/26)           19 (19/64)          2 (2/9)                                4 (4/7)                                                                28 (28/132)
  Long bones                                                                                                                                                                      46              46
  NR                26 (26/173)         8 (8/110)          94 (94/528)         2 (2/9)          1 (1/13)            10 (10/29)               7 (7/26)          31 (31/298)        53        235 (232/1034)

NR (Number of remains) with carnivore damage according to taxa, size categories and skeletal elements from the Los Rincones faunal assemblage. In brackets the total number of elements for every taxa. Note several type of alterations can be located on same skeletal element and therefore, NR can be higher than total NR with carnivore damage.

It is also interesting to note the high percentage of modification shown by the remains of *U. arctos,* i.e. 15% from a sample of 173 elements; in lesser measure, the remains of *P. pardus* can also be seen to be modified, with 7.2% from a total of 110 elements ([Table 4](#pone-0092144-t004){ref-type="table"}).

The types of carnivore tooth marks found in the bones at Los Rincones are presented in [Table 4](#pone-0092144-t004){ref-type="table"}. Considering all the taxa as a whole, the most modified elements are the scapulae (53%), followed by the femora (43%), the metacarpals (34%), the ulnae (32%) and the humeri (30%). The cranial and axial elements show less modification, with a percentage equal to or less than 12%. Pits and scores are the most abundant tooth marks, present in 129 and 82 bony remains respectively. Further, the breakage caused by carnivores is recorded by the presence of crenulated edges (NR =  77), scooping out (NR = 31) and impact points (NR = 18). Up to now no remains have been found showing evidence of digestion (Table. 5).

10.1371/journal.pone.0092144.t005

###### Carnivore damage according to taxa and size categories from Los Rincones.
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                           Score   Pit   Puncture   Crenulated edge   Impact point   Furrowing   Scooping out   Scoring   Pitting   NR
  ----------------------- ------- ----- ---------- ----------------- -------------- ----------- -------------- --------- --------- -----
  *Ursus arctos*             7     11       3              9               2            11            8                      4      55
  *Canis lupus*                                                                                                                    
  *Panthera pardus*          2      2       3              2                             2            2                      1      14
  *Lynx* sp.                                                                                                                       
  *Capra pyrenaica*         27     46       25            17               7            36            13           1        12      184
  *Equus ferus*              2      2       1                                            4                         1         2      12
  *Cervus elaphus*                  1       2                                                                                        3
  *Rupicapra pyrenaica*      1      4       5                              1             6                                   1      18
  *Capreolus capreolus*      3      5                      1                                          2                      2      13
  Bos/Bison sp.                                                                                                                    
  Very small size                                                                                                                  
  Small size                14     20       6              2               3             8            6                      5      64
  Middle size                                                                                                                      
  Large size                                                                                                                       
  Unidentified              26     38                     14               4             3                                   6      91
  *Total*                   82     129      45            45               17           70            31           2        33      454

Discussion {#s4}
==========

Paleoenvironmental context {#s4a}
--------------------------

The herbivores present at Los Rincones are associated with various types of landscapes. The horses (*E. ferus* and *E. hydruntinus*) and large bovids such as Bos/Bison sp. [@pone.0092144-NoeNygaard1] indicate open environments [@pone.0092144-Blasco2], [@pone.0092144-Nowak1], while *E. hydruntinus* also suggests semi-arid conditions [@pone.0092144-Burke1]. On the other hand, *C. elaphus* and *C. capreolus* indicate a wooded habitat [@pone.0092144-Delpech1], [@pone.0092144-Carranza1], [@pone.0092144-MateosQuesada1], [@pone.0092144-MateosQuesada2], [@pone.0092144-Carranza2]. However, the best-represented herbivores both in terms of NR and MNI are those associated with areas of high or medium mountains with abrupt relief, such as *C. pyrenaica* and *R. pyrenaica* [@pone.0092144-Alados1], [@pone.0092144-Granados1], [@pone.0092144-PrezBarbera2].

The carnivores of the cave of Los Rincones, *P. pardus* and *C. lupus*, prefer a broad range of habitats [@pone.0092144-Kingdon1], [@pone.0092144-Myers1], [@pone.0092144-Nowell1], [@pone.0092144-Turner1], [@pone.0092144-Barrientos1], [@pone.0092144-Mech1]. The only small-sized carnivore present is the *Lynx* sp., an opportunistic carnivore that populates wooded habitats ranging from Mediterranean to high mountainous areas [@pone.0092144-Delibes1], [@pone.0092144-RodrguezHidalgo1].

During the Pleistocene, the brown bear, *U. arctos,* populated a broad variety of habitats, ranging from tundra to woodland of all types, both in valleys and in areas of medium-high mountains; the Iberian Peninsula was a southern European refugium during the glaciations [@pone.0092144-Valdiosera1], [@pone.0092144-Davison1], when refuge was found in caves and cracks of all kinds [@pone.0092144-Clevenger1], [@pone.0092144-Elosegui1].

Breakage patterns {#s4b}
-----------------

The sample presents a degree of fragmentation of 68.5%, with 279 complete remains. The faunal composition, the skeletal survival profiles and the degree of preservation of the remains, as well as the distribution of fragments of the same anatomical element in distinct galleries of the site, indicate that the process of accumulation was similar: bones, with other clastic sediments, were carried in from the surface (allogenic transport) to the GU, until the cone blocked the mouth of the cave. To study the fragmentation of the bones, we divided the site into two galleries: GU was where most of the material was recovered and where the remains are found in the position they occupied in the period prior to the closure of the cave; the remains that were on the surface of the sediment accumulated among the blocks in GU have moved towards lower levels (GL), passing between the gaps left by the fallen blocks, causing greater fragmentation and resulting in a reduction in the length and circumference of the remains. The breakage data were compared with those from Neolithic sites: Fontbrégoua, where the breakage is anthropic in origin; Sarrians, where the breakage was caused by the weight of the sediment load; and Besouze, where the breakage was produced by the impact of falling blocks [@pone.0092144-Villa1]. Comparisons were also drawn with other sites of a similar chronology such as Pinilla del Valle [@pone.0092144-Arsuaga1], [@pone.0092144-Sala1], the Búho and Zarzamora caves [@pone.0092144-Sala1], [@pone.0092144-Sala3] and Coro Tracito [@pone.0092144-RabalGarcs2], the first three interpreted as carnivore dens, possibly hyena dens, and the fourth a cave inhabited by cave bears (*U. spelaeus*), where the breakage was caused by a combination of the activity of the bears and the pressure of the sediment [@pone.0092144-RabalGarcs2]. Further comparisons were made with sites of similar chronology but where the cause of breakage was anthropic, such as Abric Romaní level B and Vanguard Cave [@pone.0092144-Cceres1]. Moreover, comparisons were drawn with Middle Pleistocene sites with breakage of an anthropic origin such as levels TG10C-D-TN5 of the site of Galería and Gran Dolina level 6, both located at Atapuerca, Burgos [@pone.0092144-Dez1], [@pone.0092144-Cceres1], as well as with others where the breakage has been attributed to the activity of carnivores, such as Gran Dolina level 8 [@pone.0092144-Nowak1].

The sites where the breakage occurred on fresh bone (green bone) present fractures with mainly oblique angles, smooth edges and curved delineations. The main agents of breakage are the primary consumers, i.e. the humans that extract the marrow or the carnivores that gnaw on and partially consume the bones, such as the hyena and wolf [@pone.0092144-Dez1], [@pone.0092144-Villa1], [@pone.0092144-Arsuaga1], [@pone.0092144-Cceres1].

However, the analysis of the bony remains from the cave of Los Rincones yielded results closer to those sites where the breakage occurred when the bone was no longer fresh, with a predominance of fractures with straight angles, transverse delineation and irregular edges. The values from Los Rincones are most similar to those from the site of Besouze, which was interpreted by Villa & Mahieu [@pone.0092144-Villa1] as a site where the breakage had been caused by falling blocks. Yet even though falling blocks were the main cause of the bone breakage at Los Rincones, breakage of fresh bone is also in evidence; this is both anthropic in origin, giving rise to impact points, and produced by carnivores, resulting in crenulated edges ([Table 3](#pone-0092144-t003){ref-type="table"}, [Table 4](#pone-0092144-t004){ref-type="table"}, [Fig.8](#pone-0092144-g008){ref-type="fig"}, [Fig.9](#pone-0092144-g009){ref-type="fig"}).

![Examples of carnivore damage from Los Rincones faunal assemblage.\
Examples of carnivore damage from Los Rincones faunal assemblage : A, vertebra of *C. pyrenaica* with puncture in both sides of the vertebral body Ri10/N1/39; B, phalanx of *E. ferus* with furrowing and pits Ri10/N10/68; C, radius of *P. pardus* with pits and scores in both ephysis Ri10/N10/216; D, phalanx of *E. ferus* with scores and pits Ri10/O13/71; E, atlas of *C. pyrenaica* with crenulated edges Ri10/O13/82.](pone.0092144.g008){#pone-0092144-g008}

![Examples of anthropogenic damage from Los Rincones assemblage.\
Examples of anthropogenic damage from Los Rincones assemblage. A, percussion marks related to marrow removal Ri10/N10/168. B, metacarpus of *C. pyrenaica* with oblique incisions related to defleshing Ri10/N10/195. C, humerus of *C. pyrenaica* with oblique chopmarks related to defleshing and also carnivore marks (scooping out) in proximal epiphysis Ri10/O13/179.](pone.0092144.g009){#pone-0092144-g009}

Skeletal survival rate (%Surv) {#s4c}
------------------------------

The accumulation at Los Rincones is made up mainly of *C. pyrenaica* and *U. arctos*. The brown bear is represented by all its skeletal elements, which indicates that it occupied the cave as a hibernation refuge [@pone.0092144-Stiner1].The small-sized ungulates present a reasonably balanced skeletal survival profile, especially when compared with the medium and large-sized taxa, which show a bias towards the appendicular elements.The skeletal elements present in the accumulation at Los Rincones do not correspond with those present in an accumulation that is geological in origin, since phenomena resulting in differential preservation, such as transportation in a watery medium, are directly related to the density of the bones [@pone.0092144-Lyman1], [@pone.0092144-Voorhies1], [@pone.0092144-Coard1], [@pone.0092144-Lyman2].

Anatomically and taxonomically, the accumulation of bony remains of herbivores suggests an accumulating agent. It should be pointed out that this selection does not show an age bias, and individuals of all ages are found.

Anthropic cut marks {#s4d}
-------------------

The human presence in the cave is also in evidence, for the type of cut marks and their location indicate that some of the herbivores were exploited for their meat, showing evidence of skinning, carving, dismembering and defleshing operations. Furthermore, there are also signs of bone breakage for marrow extraction. However, the cut marks and signs of anthropic breakage are only found in 2.26% and 2.91% of the total sample. The scarcity of anthropic alterations, the presence of just a single piece of lithic industry, and the absence of evidence of a human habitat at the site make it highly unlikely that the accumulation was produced by a population of hunter-gatherers. The cave may thus have been occupied intermittently as a place of hunting or slaughter, or a more likely possibility is that the faunal remains that display anthropic marks were scavenged by carnivores after being discarded by prehistoric humans. Moreover, the presence of marks of anthropic activity at sites interpreted as carnivore dens has been documentedfor instance Buena Pinta Cave [@pone.0092144-Huguet1], Zarzamora Cave [@pone.0092144-Sala3], Amalda VII [@pone.0092144-Yravedra1], [@pone.0092144-Yravedra2] and Cova de Dalt del Tossal de la Font [@pone.0092144-SalazarGarca1] in the Iberian Peninsula; Les Auzières 2 and Bois Roche in France [@pone.0092144-Villa2], [@pone.0092144-Marchal1], [@pone.0092144-Villa3]; the Geula Cave in Israel [@pone.0092144-Monchot1]; and Zourah Cave in Morocco [@pone.0092144-Monchot2].

However, the presence of 22.94% of anatomical elements modified by carnivores as well as of their direct remains can be taken to indicate that the cave served as a refuge and a place of storage for carnivore kill.

Carnivores during Pleistocene in the Iberian Peninsula {#s4e}
------------------------------------------------------

The various species of carnivores may be responsible for the accumulation both of herbivore remains and the remains of other carnivores. To gain insights into the role of carnivores as accumulating agents of other mammals, the characteristics of the accumulation are studied on different scales: on the one hand, the skeletal elements and the characteristics and severity of the bone damage, as well as the measurements of the tooth marks; and on the other hand, the taxonomic composition and the age of death of the individuals that make up the taphocoenosis e.g [@pone.0092144-Binford1], [@pone.0092144-CruzUribe1], [@pone.0092144-Villa4], [@pone.0092144-DomnguezRodrigo5]. In addition, attention must be paid to the ethological characteristics of the carnivores in question, in particular their potential as bone accumulators and the range of prey they usually consume e.g. [@pone.0092144-Saladi1], [@pone.0092144-RabalGarcs1], [@pone.0092144-DomnguezRodrigo4], [@pone.0092144-Sala2], [@pone.0092144-Mech1], [@pone.0092144-Curio1], [@pone.0092144-DomnguezRodrigo6].

Taking account of the characteristics of the carnivores that inhabited the Iberian Peninsula during the Late Pleistocene, we here discuss the possible causes of the taphocoenosis of galleries GU and GL of the cave of Los Rincones. The present-day brown bear has been present in the Iberian Peninsula since the Middle Pleistocene. With a first citation as *Ursus* cf. *arctos* at the site of Gran Dolina 11 at Atapuerca [@pone.0092144-Garca1], it is also found at the Middle/Late Pleistocene sites (MIS 11 to MIS 5) of Cueva del Ángel [@pone.0092144-BarrosoRuiz1] and Valdegoba [@pone.0092144-Quam1]. During the Late Pleistocene, it shows a broad distribution, occupying practically the whole of the Iberian Peninsula [@pone.0092144-Valdiosera1], [@pone.0092144-Davison1], [@pone.0092144-Villaluenga1]. It is an animal that uses caves as a refuge during its hibernation period. During this period and especially at the end, mortality is very high, as a result of which the dead bodies remain inside the caves [@pone.0092144-Kurten1], [@pone.0092144-Rogers1], [@pone.0092144-Rogers2], [@pone.0092144-Stiner2]. Bears are fundamentally omnivorous, with a diet based on plants, insects and small mammals, generally carrion, but on rare occasions a result of direct predation [@pone.0092144-Clevenger1], [@pone.0092144-Elosegui1], [@pone.0092144-Naves1]. Even though bears can consume small and medium-sized mammals, such as those found at Los Rincones, when they consume meat, they do so without transporting remains from the carcass and thus without making any contribution to their hibernation dens [@pone.0092144-Saladi1], [@pone.0092144-Sala2], [@pone.0092144-DomnguezRodrigo6], [@pone.0092144-Stiner3], [@pone.0092144-PintoLlona1]. Even if we rule out the bear as the main accumulator of the remains, it is possible that it modified the carcasses that other predators might have accumulated in the cave. The spotted hyena *Crocuta crocuta* was recorded in the Iberian Peninsula from the Early Pleistocene [@pone.0092144-Garca1], and the taxon is present in many Late Pleistocene sites in the Iberian Peninsula. The most recent record of the taxon in the Iberian Peninsula is from Las Ventanas Cave, dated to 12.5 ka [@pone.0092144-Carrin1]. The spotted hyena is a social carnivore that is organized in clans that can be very numerous (comprising up to 80 individuals) and display territorial behaviour [@pone.0092144-Mills3]. Hyenas are both scavengers and hunters, and can feed on almost all resources available to them, ranging from insects, all sorts of ungulates, to carnivores and even elephants [@pone.0092144-Myers1], [@pone.0092144-Kuhn1], [@pone.0092144-Sutcliffe2], [@pone.0092144-Kruuk1], [@pone.0092144-Diedrich2], although recent studies indicate that 95% of the prey consumed are the result of direct hunting [@pone.0092144-Cooper1], with a preference for prey between 56 and 182kg [@pone.0092144-Hayward1]. Hyenas can consume their kill "in situ", yet they generally transport it to their dens in outlying areas in order to feed their young. Bone accumulations are thus formed in these places [@pone.0092144-DomnguezRodrigo4], and many authors have noted the presence of bony remains in hyena dens, [@pone.0092144-Brain1], [@pone.0092144-Mills3], [@pone.0092144-Fosse1]. The oldest reference to *P. pardus* in the Iberian Peninsula is from the Middle Pleistocene of level VI of Lezetxiki, dating to 234 ±32 ka [@pone.0092144-Altuna1], [@pone.0092144-Falgures1], but it was not until the second half of the Late Pleistocene that this species extended its range throughout the Iberian Peninsula [@pone.0092144-Sauqu1], [@pone.0092144-Falgures1], [@pone.0092144-Clot1], [@pone.0092144-Castaos1], finding a refugium on the Cantabrian coast until its disappearance from Europe at the end of the Late Pleistocene [@pone.0092144-Sauqu1]. The leopard is a solitary and territorial hunter [@pone.0092144-Bertram1], [@pone.0092144-Hayward2] with an exceedingly broad range of prey comprising as many as 92 species in Sub-Saharan Africa and with only exceptional cases of cannibalism on record [@pone.0092144-Steyn1], although they focus mainly on prey ranging from 20-80kg in weight [@pone.0092144-Mills2]. Though not a selective hunter [@pone.0092144-Hayward2], the leopard shows a preference for prey with an optimal weight of 23kg [@pone.0092144-Hayward2]. In open spaces, leopards protect their kill by hauling them up into trees \[6,7,8,910\], but in areas where there are caves they prefer to accumulate their carcasses inside these see references in de Ruiter & Berger [@pone.0092144-deRuiter1].

The presence of *C. lupus* is recorded from the Middle Pleistocene in localities such as level TG10a of the Trinchera Galería at Atapuerca [@pone.0092144-Garca2] through to the present day. Its diet covers a very broad spectrum, and it can consume ungulates, lagomorphs, carnivores, reptiles and birds see references in Esteban-Nadal [@pone.0092144-EstebanNadal1], although it shows a preference for large ungulates [@pone.0092144-Okarma1], [@pone.0092144-Jdrzejewska1], [@pone.0092144-Ansorge1]. Wolves consume their prey "in situ", and only occasionally transport their kill to their dens, when rearing their young. Remains tend to comprise fragments of regurgitated bones, which do not generally form large accumulations [@pone.0092144-DomnguezRodrigo6]. At present, wolves cannot be considered producers of the taphocoenosis of Los Rincones, as there are no major bony accumulations known to have been caused by this carnivore [@pone.0092144-DomnguezRodrigo6], [@pone.0092144-Yravedra3], [@pone.0092144-Castel1], although they are possible taphonomic agents, since they are capable of modifying the samples [@pone.0092144-Blasco1], [@pone.0092144-Utrilla1], [@pone.0092144-Castel1], [@pone.0092144-Castel2], [@pone.0092144-Stiner4].

The Iberian lynx (*Lynx pardinus*) has been found in the Iberian Peninsula since the late Early Pleistocene (ca 1.0 Ma) [@pone.0092144-Montoya1], [@pone.0092144-PonsMoy1]. During cold periods of the Late Pleistocene the presence of the Eurasian lynx (*Lynx lynx*) has also been established [@pone.0092144-Altuna2], [@pone.0092144-Altuna3], though only in the region of Cantabria. The Iberian lynx is a specialist hunter whose most common prey is the rabbit (*Oryctolagus cuniculus*), which represents 85--100% of its diet [@pone.0092144-Delibes1], [@pone.0092144-RodrguezHidalgo1], complemented with birds, reptiles and small mammals of less than 50kg [@pone.0092144-Delibes1], [@pone.0092144-GilSnchez1]. Accordingly, it could be responsible for the accumulation of roe deer, chamois and the females and juvenile individuals of *C. pyrenaica* at the cave of Los Rincones. Having reviewed the taphocoenosis present at Los Rincones, composed mainly of small-sized ungulates, and taking into account the ecological and ethological characteristics of the carnivores that inhabited the Iberian Peninsula during the Late Pleistocene, we propose two carnivores as the presumed producers of the bony accumulation in question: the spotted hyena and the leopard. It should also be borne in mind that the remains could have subsequently been modified by other carnivores such as the wolf, the lynx and even the bear.

Below we discuss which of the two main candidates was responsible for the accumulation: the hyena or the leopard. To this end, we compare the types of damage present on the bone surface, the amount and position of this damage, the size of the marks, and the skeletal survival profiles of the prey, and these are compared with the bibliographical data on the accumulations produced by these two predators [@pone.0092144-Brain1], [@pone.0092144-DomnguezRodrigo2], [@pone.0092144-CruzUribe1], [@pone.0092144-DomnguezRodrigo4], [@pone.0092144-DomnguezRodrigo6], [@pone.0092144-GilSnchez1].

Comparison with other sites from European Pleistocene {#s4f}
-----------------------------------------------------

In most of the Late Pleistocene dens ascribed to the hyena, hyena bones are abundant, it being the most highly represented carnivore in most cases [@pone.0092144-Fosse2], [@pone.0092144-Diedrich3], [@pone.0092144-Diedrich4], [@pone.0092144-Diedrich5], [@pone.0092144-Diedrich6], [@pone.0092144-Diedrich7], [@pone.0092144-Diedrich8]. This has been verified at various European sites (n = 22), where hyenas represent 33.2% of the total NR [@pone.0092144-Altuna2]. The presence of deciduous hyena teeth is a good indicator that the cave was used as a den [@pone.0092144-Pickering3], [@pone.0092144-Kuhn1], [@pone.0092144-Arsuaga1], [@pone.0092144-Villa3]. Another criterion that is generally a good indicator of hyena activity in or near the cave is the presence of coprolites [@pone.0092144-Pickering3], [@pone.0092144-Villa3], [@pone.0092144-Sutcliffe2], [@pone.0092144-Kruuk1] since the hyena uses faecal pellets to mark their territories and dens [@pone.0092144-Diedrich2], [@pone.0092144-Diedrich6]; the presence of coprolites is common at Late Pleistocene sites such as La Valiña [@pone.0092144-FernndezRodrguez1], Caldeirao [@pone.0092144-Davis1], Cueva del Camino [@pone.0092144-Arsuaga1], Gabasa 1 [@pone.0092144-Blasco3], Las Ventanas [@pone.0092144-Carrin1], Labeko Koba level IX [@pone.0092144-Arrizabalaga1], Nerja [@pone.0092144-Jord1], Zarzamora Cave [@pone.0092144-Sala3], Bois Roche [@pone.0092144-Villa3], Sloup Cave, Sipka Cave, Sveduv Stůl Cave [@pone.0092144-Diedrich6] and Westeregeln [@pone.0092144-Diedrich7]. One characteristic of the accumulations produced by hyenas is the presence of digested bones [@pone.0092144-Pickering3], [@pone.0092144-Villa3]. These have been preserved at various Pleistocene sites such as Cueva del Camino [@pone.0092144-Arsuaga1], Buena Pinta Cave [@pone.0092144-Huguet1], Zarzamora Cave, where they amount to as much as 20.54% of the total NR [@pone.0092144-Haynes2], the Mousterian levels of Caldeirao [@pone.0092144-Davis1], Gabasa 1 [@pone.0092144-Utrilla1] and the Terrasses de la Riera dels Canyars [@pone.0092144-Daura1]. Although the presence of coprolites and digested bones are good indicators of hyena activity, their absence does not rule out the presence of hyenas [@pone.0092144-DomnguezRodrigo2]: no coprolites have been recovered from the site of Auzières 2 [@pone.0092144-Marchal1] neither from Teufelskammer Cave [@pone.0092144-Diedrich3], which are associated with hyena activity, nor have they been recovered from any of the dens of present-day hyenas [@pone.0092144-DomnguezRodrigo2]; the same applies to digested bones [@pone.0092144-Prendergast1]. Comparing Los Rincones NISP pie diagram ([Fig. 3](#pone-0092144-g003){ref-type="fig"}) with pie diagram of hyena den such as Wilhelms cave, Hohle Stein cave, Teufelskammer cave [@pone.0092144-Diedrich3], Westereleng [@pone.0092144-Diedrich7] and Sloup cave [@pone.0092144-Diedrich6] the main difference is that in Los Rincones the precentage of leopard is higher than in the other places and no bony remains of hyena have been recovered. Otherwise, the hyena taxa is always present in hyena den [@pone.0092144-Diedrich3], [@pone.0092144-Diedrich6], [@pone.0092144-Diedrich7]. Regarding hervibores of Los Rincones, *C. pyrenaica* is the most abundant taxa and is the main prey of leopards [@pone.0092144-Diedrich1]; commonly in the hyena den Pleistocene hervibores have medium of big size like *Coelodonta antiquitatis*, *Rafinger tarandus*, *Mammuthus primigenius* [@pone.0092144-Diedrich3], [@pone.0092144-Diedrich6], [@pone.0092144-Diedrich7]; also nor have coprolites been recovered in the Los Rincones, or herbivore bones with signs of digestion.

Furthermore, the skeletal profiles left by hyenas are highly biased in favour of appendicular and cranial elements due to the transport of these anatomical elements to the dens [@pone.0092144-Brain1], [@pone.0092144-Yravedra1], [@pone.0092144-DomnguezRodrigo4], [@pone.0092144-Blumenschine1].

By contrast, when the leopard creates accumulations by bringing its prey to a shelter or nearby cave, it generally transports whole carcasses. Accordingly, the skeletal profiles it produces are more balanced than those left by hyenas [@pone.0092144-deRuiter1], [@pone.0092144-DomnguezRodrigo2], [@pone.0092144-Yravedra1], [@pone.0092144-Yravedra2], [@pone.0092144-DomnguezRodrigo4]. The small herbivores at Los Rincones represent more than 80% of the total and present balanced skeletal profiles, in accord with the accumulations generated by leopards. Large herbivores such as *E. ferus*, *E. hydruntinus* and Bos/Bison sp. present skeletal profiles consisting exclusively of autopodial elements. This pattern does not correspond to the accumulations produced by leopards since these animals fall outside the range of prey captured by leopards, which lies between 20--80 kg [@pone.0092144-Mills2]. The remains of equids lack cut marks, and 33% of them present tooth marks mainly from gnawing, with a high frequency of marks per modified fossil element. This alteration pattern is very different from what is produced by leopards, since these do not modify the phalanges and tend not to produce signs of gnawing or a high frequency of marks [@pone.0092144-DomnguezRodrigo4], [@pone.0092144-DomnguezRodrigo2]. Accordingly, the accumulation of these large-sized ungulates in the cave must have been produced by another type of predator. The only individual of Bos/Bison sp. displays cut marks, and its accumulation in the cave may be associated with the sporadic use of the cave by a group of humans.

Mortality profiles {#s4g}
------------------

The mortality profiles generated by leopards and hyenas are different on account of their different hunting strategies. Cursorial carnivores such as hyenas generate attritional mortality profiles in which there is an abundance of potentially weak individuals such as the young and the senile and ill [@pone.0092144-Pickering3], [@pone.0092144-Kruuk1], [@pone.0092144-Mitchell1], [@pone.0092144-FitzGibbon1].

By contrast, predators with a hunting technique based on ambush, such as the leopard, produce mortality profiles that reflect a smaller selection of prey. These are characterized by a representation of ages similar to a living population, generally comprising a high number of juveniles, a low frequency of prime adults and relatively few old adults e.g [@pone.0092144-Schaller1], [@pone.0092144-Fitzgibbon1]. In the case of Los Rincones, the mortality profile does not show a bias towards juvenile and senile individuals, suggesting that the predator that accumulated the remains used an ambush hunting strategy such as that used by leopards.

Tooth marks {#s4h}
-----------

The accumulations generated by hyenas tend to show abundant tooth marks [@pone.0092144-Diedrich3], [@pone.0092144-Diedrich4], [@pone.0092144-Diedrich5], [@pone.0092144-Diedrich6], present in 60--100% of the sample [@pone.0092144-Yravedra1], [@pone.0092144-DomnguezRodrigo4], [@pone.0092144-Blumenschine1], [@pone.0092144-Blumenschine2], [@pone.0092144-Marean1]. In fossil sites attributed to hyena activity, the percentage of tooth marks is generally greater than 40%. Examples include El Esquilleu Cave level III (53%) and unit IV (40%) [@pone.0092144-Yravedra1] and Zarzamora Cave (42%) [@pone.0092144-Haynes2]; Cueva del Camino presents carnivore-produced modification of 56% [@pone.0092144-Arsuaga1], [@pone.0092144-Huguet1]; Buena Pinta Cave shows modification of 53% [@pone.0092144-Huguet1]; in level 2 of Bois Roche 72.3% of the bones are modified by tooth marks, and in level 1c the figure is 66.55% [@pone.0092144-Villa3].

By contrast, the accumulations produced by leopards tend not to present tooth marks in more than 25% of the sample [@pone.0092144-Brain1], [@pone.0092144-DomnguezRodrigo4], with the long bones presenting tooth marks in less than 50% of the MNE. Moreover, the number of individual marks in each bone varies greatly according to the accumulating agent: leopards rarely (\<5%) leave more than 10 marks on a bone, whereas in the case of hyenas it is common for bones to show many individual marks, with as many as 42 in a single bone [@pone.0092144-DomnguezRodrigo2], [@pone.0092144-Selvaggio1]. The total sample from Los Rincones shows modification in 22.94% of the NISP. Further, none of the long bones shows marks more frequently than 50%; the femora show the highest percentage of modification with 43%, while the rest of the long bones show values less than 32%. Bones with more than 10 marks represent 3.59% of the sample, and these remains are mainly metapodials (66%), which are not usually modified by felines [@pone.0092144-DomnguezRodrigo2], [@pone.0092144-DomnguezRodrigo4]. Accordingly, we believe that these remains were accumulated by felines and subsequently modified by other carnivores that scavenged on them. Humeri show a different consumption pattern between hyenas and leopards, since felids only produce furrowing in the caudal part of the medial condyle, whereas hyenas produce furrows from the lateral part to the trochlea through the lateral condyle [@pone.0092144-DomnguezRodrigo2]. Therefore, when damage is found in the lateral condyle or both condyles, it is more common for it to be caused by hyena gnawing [@pone.0092144-DomnguezRodrigo2]. In the case of Los Rincones, the distal epiphyses of the humeri are intact, so only the leopard can have contributed to the accumulation.

Accumulations produced by leopards show a high proportion of complete long bones (close to 90%), though these may be modified by post-depositional processes [@pone.0092144-DomnguezRodrigo2]. This is the case for Los Rincones, where the percentage is much lower due to the high level of breakage caused by the above-mentioned transportation among fallen blocks. This breakage occurred when the bone was in a dry state, so we can rule out that it was anthropic or produced by carnivores. Accordingly, this value should not be used to rule out the leopard as the accumulating agent.

To sum up the pattern of bone modification and the number of the marks per bone led us to exclude the role of the hyena in the accumulation.

Analysis of the measurements of the carnivore marks {#s4i}
---------------------------------------------------

As regards the size of the tooth marks, it should be borne in mind that most of the marks are found on small herbivores n = 362 (thick cortical bone n = 154, fine cortical n = 208), whereas for medium-sized herbivores the figure is n = 48 (fine cortical bone n = 29, thick cortical bone n = 19), and for large herbivores it is only n = 13 (fine cortical bone n = 12, thick cortical bone n = 1). This suggests that the values obtained from the small-sized ungulates show greatest consistency from a statistical point of view. Taking into consideration the data obtained from the experiments by [@pone.0092144-DelaneyRivera1], [@pone.0092144-DomnguezRodrigo3], [@pone.0092144-Selvaggio2], [@pone.0092144-Saladi2] (Table.6, [Fig. 10](#pone-0092144-g010){ref-type="fig"}), the dimensions of the depressions found at Los Rincones are compared with those produced by present-day carnivores. Most of the length measurements for the depressions in spongy tissue in the small ungulates are between 1--3 mm, which is the ±SD (Standard Deviation) ; these values are similar to those shown by Iberian lynx, red fox, gray wolf, brown bear and leopard, and the mean of the measurements is almost the same as that presented by the leopard. By contrast, these values hardly overlap at all with those presented by hyenas and lions. Most of the length measurements for the marks in thick cortical bone in the small ungulates fall between the values of 1--2.8 mm, which is the ±SD; these values lie within an area where practically all carnivores overlap.

![Mean of carnivore tooth pit sizes according bone type and length/breadth from Los Rincones.\
Mean of carnivore tooth pit sizes according to bone type (cancellous and dense cortical) and length/width from Los Rincones. Legend data from: Delaney-Rivera et al., [@pone.0092144-Sala1], Domínguez-Rodrigo and Piqueras [@pone.0092144-DelaneyRivera1], Saladié et al., [@pone.0092144-DomnguezRodrigo3] and Selvaggio and Wilder [@pone.0092144-Daura1].](pone.0092144.g010){#pone-0092144-g010}
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###### Measurements of pits and punctures from Los Rincones faunal assemblage.

![](pone.0092144.t006){#pone-0092144-t006-6}

                 Pits                                      Surcos                 
  ------------- ------ ------ ------ ------ ------ ------ -------- ------- ------ -------
  Small size                                                                      
  Mean           2.02   2.52   1.31   1.38   1.94   1.46    1.17    5.14    0.89   4.38
  SD             1.21   1.42   0.29   0.65   0.84   0.41    0.59    2.92    0.39   1.93
  Min.           0.4    0.51   1.00   0.50   0.75   1.00    0.41    1.29    0.27   1.17
  Max.           8.35   9.02   2.64   4.64   5.41   2.70    2.90    14.82   2.30   12.50
  n              207    202    202    153    153    153      59      59      77     77
  Medium size                                                                     
  Mean           2.28   3.27   1.47   1.91   2.74   1.45    1.67    5.92    1.34   6.31
  SD             0.82   1.24   0.39   0.55   0.94   0.33    1.15    3.97    0.89   2.54
  Min.           0.85   1.16   1.04   0.85    1     1.00    0.57    2.06    0.21   3.28
  Max.            4     5.88   2.49   2.81   5.3    2.19    4.17    12.23   3.45   10.82
  n               28     27     27     21     21     21      9        9      17     17
  Large size                                                                      
  Mean           2.18   2.46   1.25   2.44   2.88   1.18    1.71    9.06     \-     \-
  SD             1.73   1.67   0.29    \-     \-            0.73    1.70     \-     \-
  Min.           0.66   1.18   1.04   2.44   2.88   1.18    0.72    6.56     \-     \-
  Max.           5.47   5.7    1.79   2.44   2.88   1.18    2.96    11.66    \-     \-
  n               6      6      6      1      1      1       7        7      \-     \-

Measurements of pits and punctures from Los Rincones faunal assemblage according to bone type (cancellous and dense cortical) and length/width.

The width of the depressions in spongy tissue and fine cortical bone, which is in general between 0.7 and 3 mm, falls within the area of overlap for most carnivores (Iberian lynx, red fox, leopard, hyena, gray wolf and lion). Nonetheless, the mean and the size range are related above all with medium-sized carnivores such as the puma, the Iberian lynx and the leopard.

By contrast, the size of most of the depressions in spongy tissue and fine cortical bone in the medium-sized individuals is between 0.5 and 4 mm, and in thick cortical bone between 1.3 and 2.5 mm. Furthermore, they show mean values greater than those of the marks present in the small individuals. These values -- both for the width and the length -- lie within the area of overlap for most carnivores (hyena, lion, gray wolf, brown bear, leopard and lynx).

The sizes of the depressions found in the small-sized ungulates relate most of the marks with a medium-sized feline such as the leopard, whereas in the medium- and large-sized ungulates the size is greater and could be produced by a gray wolf, hyena, brown bear or leopard. However, they could also be produced by a mixture of other medium- and large-sized carnivores. Given the species of carnivorous mammals that appear at the site, the producers of the bites are likely to be leopards, brown bears or wolves.

Conclusions {#s5}
===========

The cave of Los Rincones is a cavern that was closed off by a detritus cone during the Late Pleistocene. The fossil remains under study present anthropic modifications as well as modifications produced by carnivores. The scarce presence of remains of lithic industry, together with the scarce anthropic modification, the high level of modification caused by carnivores and the high percentage presence of carnivores, leads us to believe that the accumulation at Los Rincones was generated by carnivores mainly leopard and that the human presence was very sporadic.

The fossil material recovered from the cave of Los Rincones was found mostly on the surfaces of the *Ursus* Gallery and the Leopard Gallery. Access to the galleries where the fossil remains were recovered is via an entrance distinct from the original one, which was blocked by the sedimentary cone directly at the cave mouth [@pone.0092144-Sauqu1]. Before these galleries were sealed off, they could have been used as a refuge by animals such as the present-day brown bear *U. arctos*, which has cave-dwelling habits during its hibernation, and the leopard *P. pardus*, which could have used it to protect its kill from other predators such as the hyena *C. crocuta*. The faunal association recovered shows a high diversity of taxa, though most of the remains belong to small- to medium-sized ungulates, in particular *C. pyrenaica*; the best-represented carnivore is *U. arctos*, followed by *P. pardus*. With this predominance of *C. pyrenaica* and *U. arctos*, this association indicates a medium-high mountain environment at the time when the remains were being accumulated.

The ungulates recovered from the cave were transported there by carnivores, which used the cave as a refuge for protecting their kills.

The small-sized ungulates present reasonably balanced skeletal profiles, catastrophic mortality profiles with no predominance of juvenile or senile individuals, a moderate percentage of marks between 17% and 34%, the type of marks predominantly consisting of pits and furrows, the number of marks present per element rarely exceeding 10, and the size of the marks in accord with those produced by a medium-sized feline. All this would suggest that the accumulation of small ungulates was produced by leopards, which feed mainly on this sort of prey.

The large-sized ungulates present a highly biased skeletal profile, consisting only of autopodial elements; moreover, these elements show a high percentage of modification. These ungulates are not among the range of prey of leopards, and the abundance of autopodial elements and the type of modification they have undergone leads us to believe that they were accumulated by the activity of carnivores other than leopards.

We can conclude that leopards and not hyenas had contributed to the accumulation, subsequent modification of the remains by other carnivores is not ruled out; furthermore, the impact of falling blocks and the transportation of the bones have notably modified their surface and increased the degree of fragmentation of the sample.
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